Abstract. La Crosse (LAC) virus is transmitted horizontally to vertebrates and vertically to progeny by Aedes triseriatus mosquitoes, and in northern midwestern states, this virus overwinters in diapausing eggs of the vector. In Florida, the vector remains active throughout the year and does not diapause. To determine if there is an association between diapause and vertical transmission efficiency of LAC virus, transovarial transmission (TOT), and filial infection (FI) rates were determined for geographic strains of Ae. triseriatus. The TOT rates were not significantly different for Ae. triseriatus originating from Florida (78%) and those from Wisconsin (85%). The FI rates did differ significantly between the two groups (33% and 45%, respectively, for the Florida and Wisconsin mosquitoes). Furthermore, a line of mosquitoes was selected from a Wisconsin colony that had a reduced diapause phenotype (the AD Ϫ strain). While this strain displayed TOT rates that were the same as the other Wisconsin mosquitoes (85%), the FI rates were significantly lower (34%), indicating a reduction in TOT efficiency. The role of vertical transmission capacity in LAC virus endemicity remains to be determined.
Aedes triseriatus is the principal vector of La Crosse (LAC) virus, the leading cause of pediatric arboviral encephalitis in the United States. 1 This virus is efficiently vertically transmitted in Ae. triseriatus; transovarial transmission (TOT rate ϭ percentage of infected females that transmit virus to their progeny) and filial infection (FI rate ϭ the percentage of infected larvae from a single LAC-infected [LACϩ] female) rates both can exceed 70%. 2 Geographic strains of Ae. triseriatus vary in their ability to vertically transmit LAC virus. 3 This virus is transseasonally maintained in diapausing eggs of Ae. triseriatus. 2 In northern states, egg diapause is the mechanism for Ae. triseriatus overwintering; in Florida, the species does not diapause. 4 Although the distribution of Ae. triseriatus and LAC virus includes most of the eastern United States, the majority of reported LAC encephalitis cases occur in the upper midwest. 2, 5 Cases are infrequently diagnosed in southern states, and none have been diagnosed in Florida. 5 Thus, LAC virus disease is greatest in areas where vector egg diapause is the greatest. We recently demonstrated that diapause modulates mortality in LACϩ embryos under natural conditions. 6 These observations prompted studies to test the hypothesis that the ability of the mosquito to diapause is associated with efficient vertical transmission.
Geographic strains of Ae. triseriatus were compared in their ability to vertically transmit LAC virus. The TOT and FI rates, as well as diapause rates, were determined for mosquitoes from six colonies of Ae. triseriatus from Wisconsin and Florida. The AIDL colony originated from eggs collected near La Crosse, Wisconsin in 1983 and was supplemented with eggs from the same site in 1987. The Holmen and Bluff colonies originated from eggs collected at different sites near La Crosse, Wisconsin in 1992. The second and third laboratory generations were used for both the Bluff and Holmen colony testing, while the AIDL colony had been continuously colonized for nine years prior to the study. Mosquitoes were screened for LAC virus infection by immunofluorescent (IF) examination of a leg for virus antigen. 7 Only uninfected mosquitoes were used to start the colonies.
A nondiapausing colony, AIDL diapause Ϫ (AD Ϫ ), was generated from the AIDL colony. Eggs were induced into diapause and hatching was stimulated under optimal conditions. 8, 9 Larvae resulting from the first hatch were saved and used to select the AD Ϫ line. Diapause rates decreased from 92% in the F 1 generation to 15% in the F 9 generation. Two colonies originated from larval collections from Vero Beach, Florida. The Vero 1 colony, which had been continuously colonized since inception and exhibited low diapause rates, 8 was kindly provided by Dr. George Craig (Vector Biology Laboratory, University of Notre Dame, Notre Dame, IN). The Vero 2 colony was kindly provided by Dr. Phil Lounibous (Florida Medical Entomology Laboratory, Vero Beach, FL). The colony had been supplemented periodically with larvae collected from the same area. The second and third generations in our laboratory were used for testing the Vero 2 colony. All mosquito colonies were maintained in an insectary at 20-23ЊC and 80% relative humidity, with a photocycle of 16 hr light : 8 hr dark (16L:8D) and a 30-min crepuscular period at dawn and dusk.
To generate the LACϩ mosquitoes, adult female mosquitoes were provided a blood meal containing freshly propagated LAC prototype virus. 2 Eggs from infected females were collected, hatched, and progeny were assayed for LAC virus infection by IF to determine TOT rates and FI rates. 6 Mosquitoes used for LACϩ testing were orally infected at each generation from the corresponding uninfected line. Diapause was induced by exposing eggs to a photocycle of 10L: 14D at 21ЊC for two weeks. 8 Diapause rates were determined by induction of hatching under optimal conditions, 9 which resulted in Ͼ 95% hatching of nondiapausing eggs in 24 hr. After two weeks, eggs were restimulated to hatch. Remaining unhatched eggs were cleared using a bleaching technique to determine the number of viable embryos for the diapause calculations. 10 The TOT and FI rates were also determined. 6 Mean FI rates were derived from LACϩ females with 10 or more progeny. Chi-square statistics and the associated probability values were computed using EpiInfo, version 6.04 (Centers for Disease Control and Prevention, Atlanta, GA). Diapause rates in mosquitoes from the AIDL, Holmen and Bluff colonies were Ͼ 99%. In contrast, the diapause rate for the LACϩ AD Ϫ colony was 23%. The diapause rates for LACϩ mosquitoes from the Vero 1 and Vero 2 colonies were 14% and 16%, respectively ( Table 1 ). The geographic origin of the mosquitoes did not condition efficiency of TOT ( Table  1 ). The overall TOT rate for mosquitoes from AIDL, Bluff, and Holmen colonies was 85% (n ϭ 174). The TOT rate for the AD Ϫ colony mosquitoes was also 85% (n ϭ 41). The TOT rate for mosquitoes from the Florida colonies was 78% (n ϭ 182). The difference in TOT rates between the Wisconsin and Florida mosquitoes was not statistically significant ( 2 ϭ 2.92, P ϭ 0.087). The FI rate for progeny of mosquitoes from the AIDL, Bluff, and Holmen colonies was 45% (n ϭ 12,078). Among the nondiapausing lines, the FI rate for the AD Ϫ colony was 34% (n ϭ 1,774), and the FI rate for progeny of females from the Florida colonies was 33% (n ϭ 8,972). The differences in FI rates between the Wisconsin mosquitoes and the Florida colonies ( 2 ϭ 308.99, P Ͻ 0.001) or the AD Ϫ colony ( 2 ϭ 76.23, P Ͻ 0.001) were statistically significant.
The TOT rates did not differ between the two geographic groups of mosquitoes. However, the FI rates were lower in mosquitoes from the Florida colonies than those from the Wisconsin colonies, and the diapause rates also differed between the two groups (Table 1 ). In addition, the FI rate in the AD Ϫ strain, which originated from the AIDL colony, was also 34%, which was significantly lower than the FI rate of the other Wisconsin mosquitoes. These data provide additional evidence that diapause capability and efficient vertical transmission may be associated. The reduction in FI rates in the nondiapausing mosquitoes may be due to strain variation or to modulation of deleterious effects of LAC virus infection on oocytes or embryos in the diapausing strains. 6 It is important to note that these studies were conducted under laboratory conditions. In a recent study of the effect of LAC virus TOT on mosquito survival, no differences in mortality rates were detected between diapausing and nondiapausing Ae. triseriatus maintained at warmer temperatures in laboratory conditions. However, when the eggs were placed in natural conditions to overwinter, or were held in the laboratory in cold temperatures, LACϩ eggs had greater mortality rates than noninfected eggs. 6 The differences between Florida and Wisconsin mosquitoes potentially could be exacerbated under more stressful conditions. Although suggestive, these data do not necessarily link diapause capability and FI rate efficiency in Ae. triseriatus. Geographic variation in vertical transmission efficiency has been previously demonstrated. The FI rate in diapausing Ae. triseriatus from Connecticut, a LAC virus endemic area, was 20% compared with 50% in a strain from Wisconsin. 3 Thus, geographic variation, rather than diapause capabilities, could account for the observed differences in FI rates between the Florida and Wisconsin mosquitoes. Nonetheless, the two geographic groups of mosquitoes did differ in vertical transmission efficiency. Whether these differences have epidemiologic relevance in terms of relative LAC virus endemicity in Florida, and other areas within the geographic distribution of Ae. triseriatus, remains to be determined. 
